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Where we are?

= GForge CIELO-Iron project set up and contains lot of information
e previous evaluations
e new resonance region evaluation by L. Leal (ORNL)
« EMPIRE inputs and calculations (future new evaluation) (NNDC)
« some historic documents and recent publications/presentations
 selection of relevant integral experiments (G. Zerovnik, JSI)

= Empire updated to natively produce CN angular distributions
(elastic and inelastic)

= New non-linear fitting (differential and/or integral data) in
EMPIRE

= Experimental data selected (CNDC)

= |RK-IPPE evaluation recovered (Pronyaev, Tagessen)

= Guided by Zolotarev IRDF-2002 file for °°Fe(n,p)

= Preliminary calculations adjusted to differential data look good!
BROOKHRVEN
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Along the way we have:

= solved mystery in the ENSDF/RIPL °°Fe level scheme
= discovered extraordinary sensitive monitor of level densities

= rediscovered Toshihiko’s finding that OM for °°Fe fails below 3
MeV

= got a suspicion that angular distributions might be the key to the
good iron evaluation

= realized the importance of having clean, differential data based,
evaluation for being able to perform future updates

BROOKHEVEN
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GForge CIELO-Iron - evaluation docs
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Amom McGNASH-calculations.pdf 135.79KB  application/pdf
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CIELO-Iron GForge CIELO-Iron evaluation
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Where we are?

= GForge CIELO-Iron project set up and contains lot of information

e previous evaluations

e new resonance region evaluation by L. Leal (ORNL)

« EMPIRE inputs and calculations (future new evaluation) (NNDC)
e some historic documents and recent publications/presentations
 selection of relevant integral experiments (G. Zerovnik, JSI)

= Empire updated to natively produce CN angular distributions
(elastic and inelastic)

= New non-linear fitting (differential and/or integral data) in
EMPIRE

= Experimental data selected (CNDC)

= |RK-IPPE evaluation recovered (Pronyaev, Tagessen)

= Guided by Zolotarev IRDF-2002 file for *°Fe(n,p)

= Preliminary calculations adjusted to differential data look good!
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CN angular distributions in EMPIRE

= Previously CN angular distr. = Native EMPIRE calculations
were calculated by rescaling required replacing T, with T

ECIS results - not fully = New HRTW subroutine was
consistent and cumbersome  totally recoded in F90

T v v v v T v v v v I T
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Comparison with ECIS
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6/d8 (h/sr)

Comparison with ECIS
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Comparison with ECIS
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6/7d49 (pb/sSr)

Comparison with ECIS
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Where we are?

= GForge CIELO-Iron project set up and contains lot of information

e previous evaluations

e new resonance region evaluation by L. Leal (ORNL)

« EMPIRE inputs and calculations (future new evaluation) (NNDC)
e some historic documents and recent publications/presentations
 selection of relevant integral experiments (G. Zerovnik, JSI)

= Empire updated to natively produce CN angular distributions
(elastic and inelastic)

= New non-linear fitting (differential and/or integral data) in
EMPIRE

= Experimental data selected (CNDC)

= |RK-IPPE evaluation recovered (Pronyaev, Tagessen)

= Guided by Zolotarev IRDF-2002 file for *°Fe(n,p)

= Preliminary calculations adjusted to differential data look good!
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New non-linear fitting in EMPIRE by Sam
Hoblit

= Uses surrogate surface instead = Great flexibility through line

of actual EMPIRE obtained command control

from sensitivity calculations * ex- in-cluding experiments
" CERN code “_ﬂNUH— to = ex- in-cluding reactions

minimize Chi**2 through « ex- in-cluding parameters

variation of model parameters

= Experimental data scaled with
a factor (with penalty!) to

* freezing parameters
= freezing scaling factors

account for systematic errors " plotting fits and covariances
BONUS - no PPP

= Differential, integral, and Unfortunately Sam got sick
differential+integral data before he could use it.
possible

BROOKHEVEN
NATIONAL LABORATORY
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Where we are?

= GForge CIELO-Iron project set up and contains lot of information

e previous evaluations

e new resonance region evaluation by L. Leal (ORNL)

« EMPIRE inputs and calculations (future new evaluation) (NNDC)
* some historic documents and recent publications/presentations
 selection of relevant integral experiments (G. Zerovnik, JSI)

= Empire updated to natively produce CN angular distributions
(elastic and inelastic)

= New non-linear fitting (differential and/or integral data) in
EMPIRE

= Experimental data selected (CNDC)

= |RK-IPPE evaluation recovered (Pronyaev, Tagessen)

= Guided by Zolotarev IRDF-2002 file for *°Fe(n,p)

® Preliminary calculations adjusted to differential data look good!

Brookhaven Science Associates 16 NATI o»! L LABORATORY



3rookhaven Science Associates

There iIs WAY too much data to get
through. We needed “a little help from
our friends...”

» 55Fe has 447 EXFOR
sets with points in the
fast region

m natFg (91.72% °%Fe)
has 838 EXFOR sets
with points in the Fast
Region

BROOKHEVEN
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Our CNDC colleagues generated an
authoritative review of data & previous
evaluations

List of the experimental information for 56Fe

Three evaluated documents of EFF from H.Vonach and V.Pronyaev in 1992 and 1995, they gave a detail experimental data evaluation of the fast neutron cross sections of 56Fe,even including complete covariance infi
The report of 1995 was based on a few new experimental data including the total cross section and (n,a) cross section.

{It was the updated of the 56Fe evaluation.

After 1995, there are very few experimental data in EXFOR for natural iron and iron 56,50 we take these three documents as the reference of our experimental data evaluation.

REF: Evaluated by vonach91/effdoc-08S vonach92/effdoc-184 pronyaev9S/effdoc-378

Evaluated data:

ENDF/B-VIL1 JENEL-4.0 ROSFOND JEFF-3.1 JEFF-3.2 CNEDL-2.1 CENDL-3.1 Theortical calculation UNF EAF

Total Cross section

( Because the isotopical dependence of the total cross section for the non-resonance region is rather weak, we used the data of natural iorn for the evaluation of the 56Fe total cross section.)

Data come recommend: ENDF/B-VILI] ENDE FILE Selected | )
a ) ) _ o L NDE/B ExpFigure/
Figure shows the evaluated result from different libraries(B71 C31 F31 J40 ROSFOND )and a new !—— ExpData
theoretical calculated result from CNDC, which used UNF series codes. We can see that the VILL EXPData |[Expt+EvalFigure
evaluated result from different libraries are consistent in the fast neutron region(above 10MeV). Sheet
The total cross section in general known with an accuracy of about 1-3%. (uncorrected)
(Vonach92)

Nonelastic cross section (Acording to Energy and Resource)
The other important reaction is nonelastic cross sections.

1.The nonelastic cross section for fast neutron energies(E>4MeV in 56Fe) is measured with a higher accurancy than the elastic scattering cross section;

= o . - an .- » “n - . . L Y .n = s - - . . N an ae s e mam ur .» i 4 omw - e . - nave sma ur e ae u 4 um mmin

BROOKHAVEN
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Where we are?

= GForge CIELO-Iron project set up and contains lot of information

e previous evaluations

e new resonance region evaluation by L. Leal (ORNL)

« EMPIRE inputs and calculations (future new evaluation) (NNDC)
* some historic documents and recent publications/presentations
 selection of relevant integral experiments (G. Zerovnik, JSI)

= Empire updated to natively produce CN angular distributions
(elastic and inelastic)

= New non-linear fitting (differential and/or integral data) in
EMPIRE

= Experimental data selected (CNDC)

= |RK-IPPE evaluation recovered (Pronyaev, Tagessen)

= Guided by Zolotarev IRDF-2002 file for *°Fe(n,p)

= Preliminary calculations adjusted to differential data look good!
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From this careful review, our friends at
the CNDC recommend we build on the
work of these fellows; we agree with their
recommendation

Siegfried Herbert Viadimir
Tagesen Vonach Pronyaev

BROOKHEVEN
NATIONAL LABORATORY
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EFF-3.1 contains most complete

review of experimental data in the
Fast region

EFF-DOC-85
EYALUATION OF Trl2
FAST NEUTAON CHOSS SEC
o . OF Z57E
Uncertainty Estimates for the Fast Neutron Cross-Sections of the European :

Fusion File EFF for 52Cr, 56Fe, 58Ni and 60Ni and Evaluation of the 14 MeV

Cross-Sections of these Isotopes from the existing experimental data base

EFE-Doe-184

S TIONS

EFF-Poc —373 ( 99 S‘)

Evaluations of the fast neutron cross sections
FINAL REPORT FOR CONTRACT

Nr. 395-89-8/FU-D/NET of 52Cr and 56Fe including

complete covariance information

V. Pronyaev®, S. Tagesen,

H. VONACH,S. TAGESEN, H. Vonach and S. Badikov*

M. WAGNER and A. PAVLIK

Institut fiir Radiumforschung und

Kernphysik der Universitit Wien, Austria

*} Permanent address: Institute of Physics and Power Engineering,

245020 Obninsk, Kaluga Reg., Russia

| KHA\'EN

ORATOR



Summary of (n,2n) data

Table 11: Experimental data base for the evaluation of the cross section for the 56Fe( n.2n)°°Fe reaction.

EXFOR  First Author Energy range No, of Comments Corrections Uncertainties (%) xz
Entry and Year (MeV) applied Statistical Systematic  per degree
No. (uncorrel.) (correl.) of freedom
11097 Ashby 58 14.1 neutron detection 1) 7.8(total) 0.03
natge normalization
by a factor 0.815
20091 Wenusch 62 14.8 activ., recent reference 20.5 (total) 0.74
enriched >SFe cross section
20721 Qaim 76 14.7 activ., - 9.1 (total) 1.17
enriched *¢Fe
12936 Auchampaugh 80  14.7-20.0 ng?tron detection, 2) 4.3-9.5 4 0.31
n
Fe
20416.044 Fréhaut 804 11.88-14.76 neutron det. 2.7-17 6.2
nalp, renormalization 1.50%)
20416.003  Fréhaut 80B 11.88-14.76 neutron detection by a factor 1.077 2.6-9.6 5.1
enriched *°Fe
13132 Greenwood 88 148 activ., - 7.7 (total) 0.72
enriched *Fe
1) correct. for minor Fe tsotopes
2) correct. for minor Fe isotopes; correc. for energy-dependent efficiency of the detector (see text)

3) because of strong correlations the results of both experiments were processed as one single data set.



The EFF-3.1 evaluation was
a Frankenevaluation, but
with good parts

= Constraint LSQR fit using GLUCS of
all data for (n,tot), (n,el), (n,y), (n,inel), (n,n1’)-
(n,n40’), (n,2n), (n,a), (n,p)
 Best fit cross sections

» Cross-reaction covariance
« Careful assessment of med. & long range correlations

= Update for JEFF-3.0 included (n,tot) data of
Weigmann

= Everything else is model based, and kind of
wonky

= JEFF-3.2 based on JEFF-3.0, but it was
adjusted ;(

56Fe(n,tot)

Correlation Matrix

BROOKHEVEN
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Only EFF-3.1 and JEFF-3.0 contain
original evaluation

3rookhaven Science AssoC

=FF-3.1 ENDF/B-V
'
JEFF-3.0 ENDI}/B-VI
£‘---~“-p
JEFF-3.2 ROSFOND2010 ENDI§/B-VII
(adjusted) (no covariance)
JENDL-3.3

& CENDL

JENDL-4 BROOKHRVEN
e 24 NATIONAL LABORATORY




Where we are?

= GForge CIELO-Iron project set up and contains lot of information
e previous evaluations
e new resonance region evaluation by L. Leal (ORNL)
« EMPIRE inputs and calculations (future new evaluation) (NNDC)
* some historic documents and recent publications/presentations
 selection of relevant integral experiments (G. Zerovnik, JSI)

= Empire updated to natively produce CN angular distributions
(elastic and inelastic)

= New non-linear fitting (differential and/or integral data) in
EMPIRE

= Experimental data selected (CNDC)

= |RK-IPPE evaluation recovered (Pronyaev, Tagessen)

= Guided by Zolotarev dosimetry file for *°Fe(n,p)

= Preliminary calculations adjusted to differential data look good!
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*°Fe(n,p)
dosimetry reaction

O
N INTERNATIONAL ATOMIC ENERGY AGENCY INDC(CCP)-438 &

Distr.: J+R/EL R

} ;
&

i 0O Terrell+58k O Dyer+72 8 LiChich+89 IRDF-90v2 |
90 - s v M 1 .
IND C INTERNATIONAL NUCLEAR DATA COMMITTEE A Croserere. % Ryvesirse A Fugaer C :
. v Bonazzola+64 X Kudo 82 s+ Viennot+91c .
O Santry+64c % Antov+83c < Mannhart+92
80 - S Dikemesk X Rutoste @ iedasos _
> Levkovsk+68c & Garlea+85c ® Lu Hanlin+98
O Vonach+68k ¥ Zhou+87 ® Filatenkov99c
b % Barrall+69c % lkeda+88c 1
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12 1 14 1
120 T T T :|3 T I T T I T I T I 5
EVALUATION AND IMPROVEMENT OF CROSS SECTION . .
ACCURACY FOR MOST IMPORTANT DOSIMETRY REACTIONS
27Al(n,p), 56Fe(n,p) AND 237Np(n,f) INCLUDING COVARIANCE DATA100 — = gg:f;g:gi‘;
| A Liskien+66k
K.I.Zolotarev v Grundl 67¢c
80 | & Smith+75k
< Mostafa+76
Institute of Physics and Power Engineering, Obninsk, Russia > Nemilov+78
T O Raics+80k
o % Cabral+90
[ 60 - w Saraf+91
O lkeda+92c
: o) . ¢ Mannhart+92 , ¢
RRDF-2010 Is the most recent
40 4 - - - -JENDL/D-99 MLt e
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<
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Where we are?

= GForge CIELO-Iron project set up and contains lot of information

e previous evaluations

e new resonance region evaluation by L. Leal (ORNL)

« EMPIRE inputs and calculations (future new evaluation) (NNDC)
e some historic documents and recent publications/presentations
 selection of relevant integral experiments (G. Zerovnik, JSI)

= Empire updated to natively produce CN angular distributions
(elastic and inelastic)

= New non-linear fitting (differential and/or integral data) in
EMPIRE

= Experimental data selected (CNDC)

= |RK-IPPE evaluation recovered (Pronyaev, Tagessen)

= Guided by Zolotarev IRDF-2002 file for *°Fe(n,p)

= Preliminary calculations adjusted to differential data look good!
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3rookhaven Science Associates

Summary of EMPIRE input

= CC for incident/outgoing channels + DWBA

= Soukhovitskii and Capote dispersive OMP

= Microscopic HFB level densities

= Width fluctuation correction (HRTW) up to 8 MeV

= Default gamma-ray strength function (Plujko MLO1)
= Multistep Direct/Compound above 3 MeV

s Compressional form factor for the ¢ = 0 transfer

= Exciton model (PCROSS) free path for PE set to 2.5

= Energy-dependent reduction of (n,tot) up to 3 MeV

= Fitted HFB pairing-like and pseudo-a parameters for °°Mn
= Minor fit of °°Fe level density

BROOKHEVEN
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Total cross section

26-Fe-56(n,tot)

N
=

=Too much exp. data
*Too much spread (even in fast region)
*Hard to determine quality of our calculation

—A
=

Cross Section (barns)

b ) Bl 55 115 i d
104 105 106 107 ‘
o Incident Energy (eV) - \OOKHAVEN

Q - xxulu‘ xj




Cross Section (barns)

Total cross section

» Smoothed ENDF/B VII.1
» Fitted total below 3 MeV

= For higher energy, we are in good agreement with previous
evaluations

5k
26-Fe-56(n,tot) 56-Fe(n,tot)
4}
3
3t
— Empire o
--- JEFF o T
— Empire - %ETZIDL LT prnhhEEL |
o 2014 Smoothed Endf R o 2014 Smoothed Endf
L |||||||| I |||||||| 2|||||||||||||||||||||||||||I
0.2 0.5 1 2 5 10 20 8 10 12 14 16 18 20

" Incident Energy (MeV) Incident Energy (MeMy oy UTEN
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Elastic cross section

10

Cross Section (barns)
A

0.5F°

ol
1

v & -
—— Empire _
o 1985 Zo-In-OK
o 1977 Shcherbakév,, /
~ 1976 Kinney

V- 4

o o 1976 Kinney+

= 1975 Zuhr

+ 1972 Malmskog
2 1972 Malmskog+
= 1967 Cabe+
1966 Smith

1966 Jacquot
1966 Jacquot+
1966 Cox+

1965 Rayburn

1 =4 X

1|~ < 1965 Rayburn

1964 Pasechnik
1963 Korzh
e 1960 Lovchikova
o 1960 Lovchikova+
1951 Hurst
Ry KoV lv 4 =171 oV R
@ 2014 Smoothed Endf ‘

o
o
.

26 Fe-56(n,el)

Fast region:

=Below (smoothed) ENDF
="Agree with exp. data
=Possible improvement of
current evaluation

5104 10°

510°

Brookhaven Science Associates
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Inelastic cross sections

Fitted MT=51
below 3 MeV
to reproduce

)
C
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s GEEL data
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Fe(n,p) comparison with IRDFF
(RRDF-2010) - still some work to do...
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Double-differential cross sections

E[MeV] J pi NtuNbNg ~----- No
0.60000 0.6 1. 1 © ©  ©0.60500 0 )
0.84678 2.0 1. 1 0 ©  0.29149 0
2.08568 4.0 1. 1 0 ©  0.28486 © CC
2.65756 2.6 1. 2 0 ©  0.68497 0 >
2.94150 0.6 1. 1 1 ©  0.68497 0
3.44531 3.0 1. 1 0 ©  0.68115 0 levels
3.74413 2.0 1. 1 1 @  0.00500 0
4.50964 3.0 -1. 1 1 ©  ©0.00560 e“\\
2.95992 2.6 1. 1 0 ©  0.68115 0
3.12011 1.6 1. 1 0 ©  0.60500 0
3.12203 4.6 1. 1 0 ©  0.84115 0
3.36984 2.0 1. 1 0 ©  0.06000 0
3.60021 1.0 -1. 1 © ©  0.00500 0
3.60569 2.6 1. 1 0 ©  0.60500 0
3.61021 0.6 1. 1 0 ©  0.60500 0
3.82977 2.6 1. 1 0 ©  0.67000 0
3.85645 3.0 1. 1 0 ©  0.04000 0
4.64883 3.6 1. 1 0 ©  0.04000 0
4.68593 2.6 1. 1 © ©  0.64000 0
4.10031 4.6 1. 1 0 ©  0.63000 0
4.11987 3.6 1. 1 0 ©  0.63000 0 -
4.29804 4.0 1. 1 © ©  0.63000 0 fitted
4.30090 0.6 1. 1 © ©  0.04000 0
4.32000 2.6 1. 1 0 ©  0.01000 0 DWBA
4.37000 3.0 -1. 1 © ©  0.01000 0
4.39483 3.0 1. 1 0 ©  0.01000 © levels
4.40140 2.6 1. 1 0 ©  0.61000 0
4.44760 2.0 -1. 1 © ©  0.64000 0
4.45853 4.0 1. 1 0 ©  0.04000 0
4.50964 3.0 -1. 1 © ©  0.04000 0
4.53950 1.6 1. 1 © ©  0.64000 0
)
R e 581188 v s
X = [itted DWBA deformations 4.62000 3.0 -1. 1 © © 0.04000 ©
Einc = 14.1 MeV 4.65826 4.6 1. 1 0 ©  0.04000 0
: | | 4.67560 1.6 1. 1 © ©  0.67000 0
T T T I T B T B T 4.68470 4.6 1. 1 0 ©  0.67000 0
. . . 4.70063 7.6 1. 1 0 ©  0.66000 0
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Double-differential cross sections
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Along the way we have:

= solved mystery in the ENSDF/RIPL °°Fe level scheme
= discovered extraordinary sensitive monitor of level densities

" rediscovered Toshihiko’s finding that OM for °°Fe fails below 3
MeV

= got a suspicion that angular distributions might be the key to the
good iron evaluation

= realized the importance of having clean, differential data based,
evaluation for being able to perform future updates
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The spooky mystery level

3120119 FS 4+

0+ —¢ +—294150.45 PS 2+ —o—1+1—296028 FS
2+ y—26575621FS- - - - ¥
4+ i 2085.1064PS - - - -- |
24+ L 8468607PS - - - YY)
0+ YY QOSTABLE-- - -~ - -- - Y

56

26 €30

312347 FS

Lowest 3- level is at 3076.2 keV
ENSDF reports it
It is in RIPL-3
It is the 6t excited state (MT=56)
Does it exist??

Note 2 other levels 50 keV higher

Brookhaven Science Associates
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Origin of level in ENSDF

Appears to be observed in 7 different reactions

7 3090 | =1

56 3070 L=(3)

54 3100 (50) | =4

<o 3100 [=3

60 3070 (30)

Ni(rr Not observed

9 3076.2 (4)

T ————————
E,: 1435 1441%) 1446%) 1452 1455%) 1460
Jr Ex 11593 11599 11603 11609 11613 11618

the \T(;r_\' strong primary transition to the 4100keV level and other two peaks are
probably weak. However, the level is evidently excited by secondary transition from
the intensely excited 5503 and 5670 keV and from rather weakly excited 6048 keV
levels, althongh all corresponding peaks are strongly contaminated by other transi-
tions. In contradiction with Ref. [7] intensity of the 2229 keV transition established
in the present work is low and is nearly exhausted by decay of other levels. Rather
strong 991 keV nearly pure 4-peak has been observed at all resonances with similar
intensity. This might indicate that this peak is connected with the low-lying level
and is a good candidate for the decay of the 3077 keV level to the 2085 keV state.
4T 3123 - 23.3 ) ~ 59 ) T

Only level seen
INn just one
resonance




Fotiades et al., thoroughly refute it

(n,ny)
experiment

PHYSICAL REVIEW C 81, 037304 (2010)

First 3 excited state of °Fe

N. Fotiades.  R. O. Nelson. and M. Devlin

Los Alamos National Laboratory, Los Alamos, New Mexico 87545, USA N O n _ O b S e rV a'l: i O n Of 2

(Received 4 February 2010; published 31 March 2010)

There is no reliable evidence for the existence of the 3.076 MeV (37) level adopted in the ENSDF ey d e p O p u | atl n g

for *Fe although it has been reported in a few experiments. Previous reports of the observation of this I«:\] t ra n S i 't i O n S

to be based on an incorrect assignment in early (e, €') work. Recent neutron inelastic scattering measurer
Demidov et al. [Phys. At. Nucl. 67, 1884, (2004)] show that the assigned y -ray decay of this state does

. . . .o . . 56 ’ .
at a level consistent with known properties of inelastic scattering. In the present work the **Fe(n, n"y) reaction

was used to populate excited states in *°Fe. Neutrons in the energy range from 1 to 250 MeV were provided by
the pulsed neutron source of the Los Alamos Neutron Science Center’s WNR facility. Deexciting y rays were
detected with the GEANIE spectrometer, a Compton suppressed array of 26 Ge detectors. The y-y data obtained
with GEANIE were used to establish coincidence relations between transitions. All previously reported levels up
to E, = 3.6 MeV excitation energy were observed except for the 3.076 MeV (37) level. The 991- and 2229-keV
transitions, previously reported to deexcite this level, were not observed in the y-y coincidence data obtained in
the present experiment. The present work supports the assignment of the 4509.6 keV level as the first 3~ excited

state in ““Fe by observation of two previously known transitions deexciting this state.

The true ghost-buster

« Repeat (p, y) experiment with y- y coincidences
 Easy experiment for tacility with small tangem WD v I
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Along the way we have:

» solved mystery in the ENSDF/RIPL °°Fe level scheme
= discovered extraordinary sensitive monitor of level densities

" rediscovered Toshihiko’s finding that OM for °°Fe fails below 3
MeV

= got a suspicion that angular distributions might be the key to the
good iron evaluation

= realized the importance of having clean, differential data based,
evaluation for being able to perform future updates
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Fe(n,p) - level-density models

0.25 T ] Very sensitive

| |Initial tests \ to the model adopted
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Cross Section (barns)

*°Fe(n,p) sensitivity to *°Mn lev. den.
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Level density (1/MeV)

Fe(n,p) sensitivity to *°Fe lev. den.
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5 g ] I Eilzlérli_rr?ental LD 26-Fe—56(n,p)

5 10 15 20 5
Excitation energy (MeV)

= Also incredibly sensitive to °°Fe level density.
= Center of experimental LD leads to poor (n,p).
= Tweaks on LD can significantly change (n,p).
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Along the way we have:

» solved mystery in the ENSDF/RIPL °°Fe level scheme
= discovered extraordinary sensitive monitor of level densities

» rediscovered Toshihiko’s finding that OM for Fe fails below 3
MeV

= got a suspicion that angular distributions might be the key to the
good iron evaluation

= realized the importance of having clean, differential data based,
evaluation for being able to perform future updates
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Must merge onto L. Leal's
56Fe RRR
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Itis
beautiful,

- LRF=7,

- extends to
2 MeV

* Includes
(n,tot),
(n,el),
(n,Y),
(n,n1’)

* |f not all
RRR exp.
data, at
least most
of it

- Fitted
angular
dists. too

NATIONAL LABORATORY



3rookhaven Science Associates

To match onto Leal's RRR, must smooth
Cross sections

= OMP & Hauser-Feshbach theory only tell us about average
Cross sections

= Preferred averaging is with Lorenzian:

1 I
7 (B — E)? + I?

L(E,E') =

= 50 that averaged have nice mathematical properties:

SE) = [ AL )

— OO

— f(E +il)

BROOKHEVEN
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Turns out smoothed cross section rather
iInsensitive to smoothing profile except
near discontinuities

— _/CIELO-EVAL/Res es/fe560 |4 ellevelFixes_4.11.2014.endf: (n,tot)
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Leal's RRR included MT=51 (n,n+’);
we have to deal with threshold
discontinuity

O-E AL;F{emnancesffeBﬁornla ellevelFixes 4.11. 2014 endf: (n, mel]
F, Lorentzian smoothed w/ 1=100 keV :

Gaussian smoothed w/ |1= 100 keV : : :
e —— Ussian smoothed w/ 1=200 keV: - TR ST TTTAS LTt ..... N
F | . tzian smoothed w/ 1=200 keV : : 5

(-
Ul

Near thréshold, cross section .
I ................ should be proportional to outgoing ..... ]
' f neutron velocity (Satchler, a

=
o

| 5 Introduction to Nuclear Reactions
......................................... o (1980)),80 By o (B - B2

Cross Section (b)
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Srookhaven Science Associates

We can use the same procedure on the
Geel data to smooth out the
experimentally resolved fluctuations in
the other inelastic levels

1.2014.endf: (n,inel)
0.20 GELINA data, smoothed W/ =100 keV e ———
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3 | '
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We can use the same procedure on the
Geel data to smooth out the
experimentally resolved fluctuations in
the other inelastic levels
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Cross Section (barns)

yokhaven Science Associates

Fit of (n,tot) below 3 MeV
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3r — Fitted below 3MeV
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= \We simulate Kawano's |I-dependent OMP with non-|
dependent factor

= This way we preserve CN to Shape Elastic ratio and

angular distributions
e



Along the way we have:

» solved mystery in the ENSDF/RIPL °°Fe level scheme
= discovered extraordinary sensitive monitor of level densities

" rediscovered Toshihiko’s finding that OM for °°Fe fails below 3
MeV

= got a suspicion that angular distributions might be the key to the
good iron evaluation

= realized the importance of having clean, differential data based,
evaluation for being able to perform future updates
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei3.50E+4
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei4.02E+4
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei5.00E+4
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei6.03E+4
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei9.03E+4

0 50 100 150
| | | | | | | | | | | | | | | | | | |
2 2
1 i —1 1
’g B -
s L B
a L B
S
S 051 n - ~ 05
i E ; i | .
f
| a A E _
a . E
0.2F ) ~H0.2
| | | | | | | | | | | | | | | | | | |
0 50 100 150
Angle (deg)
BROOKHRVEN

Brookhaven Science Associates 58 NATIONAL LABORATORY



JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei1.10E+5
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei1.74E+5
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei2.00E+5
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei3.04E+5
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JEFF-3.1 <=> ENDF/B-VIl.1 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei3.49E+5
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JEFF-3.1 <=> ENDF/B-VIl.1 35 keV - 3.4 MeV

do/dQ (b/sr)

Brookhaven Science Associates

0.5

0.2

10-1

26-Fe-56(N,EL),DA Ei4.01E+5

50 100 150
| | | | | | | | | | | | | | |
a g
a a H
— a 8 : : .
: - -
i i g E ! i
I~ E g
| : I i g a
] 5 i g
B a E E a é : .
g g : - ;|
L -] 0 [=] - a Fl
a g ] A |
g o ; a °
E . g i
B a a
I a g —
- ; ]
| | | | | | | | | | | | | | |
50 100 150
Angle (deg)

0.5

0.2

101

BROOKHEVEN

NATIONAL LABORATORY



JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei5.08E+5
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei6.02E+5
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei8.03E+5
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei9.70E+5
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei1.80E+6
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV

26-Fe-56(N,EL),DA Ei3.40E+6
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JEFF-3.1 <=> ENDF/B-VII.1T 35 keV - 3.4 MeV
(they usually differ, sometimes disagree)

26-Fe-56(N,EL),DA Ei4.60E+6
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Compare with JEFF-3.1
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Shifting JEFF-3.1 up
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Resonance structure in °°Fe around 80 keV

102

10

10-1

102



JEFF-3.1 <=> EMPIRE 90 - 162 keV
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JEFF-3.1 <=> EMPIRE 90 - 162 keV

o/do (b/sr)
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JEFF-3.1 <=> EMPIRE 90 - 162 keV

0.6¢ 56Fe(n,el) E=94.7 keV
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JEFF-3.1 <=> EMPIRE 90 - 162 keV
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JEFF-3.1 <=> EMPIRE 90 - 162 keV
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JEFF-3.1 <=> EMPIRE 90 - 162 keV

o/do (b/sr)
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JEFF-3.1 <=> EMPIRE 90 - 162 keV
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JEFF-3.1 <=> EMPIRE 90 - 162 keV

o/do (b/sr)
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We smoothed the angular distribution
one can reconstruct from RRR also

56Fe(n,el) L=1 Angular Distribution (MF=4)
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EMPIRE "“out of the box” now does an

excellent job computing angular dists.
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rookha

EMPIRE “out of the box™ now does an
excellent job computing angular dists.
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EMPIRE "“out of the box” now does an

excellent job computlng angular dists.
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EMPIRE “out of the box™ now does an
excellent jOb Computlng angular dists.
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3rookh:

EMPIRE “out of the box™ now does an
excellent jOb Computlng angular dists.
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EMPIRE “out of the box™ now does an
excellent job computing angular dists.
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Along the way we have:

» solved mystery in the ENSDF/RIPL °%Fe level scheme
= discovered extraordinary sensitive monitor of level densities

" rediscovered Toshihiko’s finding that OM for °°Fe fails below 3
MeV

= got a suspicion that angular distributions might be the key to the
good iron evaluation

= realized the importance of having clean, differential data based,
evaluation for being able to perform future updates
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New data since 1995
(EFF-3.1 evaluation date)

= LANL (R. O. Nelson, M. Devlin, N. Fotiades, J. A. Becker, P. E.
Garrett, W. Younes, D. Dashdorj, T. Ethvignot, T. Granier, AIP
Conference Proceedings 819, 323 (2006); doi: 10.1063/1.2187879)

* Found total inelastic (n,inel) by looking at main 847 keV line

= Geel (A. Negret, C. Borcea, Ph. Dessagne, M. Kerveno, A. Olacel, A.
J. M. Plompen, M. Stanoiu, Phys. Rev. C 90, 034602 (2014))

 Included (n,n1’) data in Leal's RRR fit
» Backed out cross section data for first 10 excited states using
coincidence gammas
= Other new data:
* RPI: quasi-differential data, good for validation
« Ohio U.: inelastic benchmarking, mentioned by Jing Qian already
« U. Kentucky: "Fe inelastic cross sections, still being analyzed

BROOKHEVEN
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3rookhaven Science Associates

This is all almost ready for fitting

= Cross sections from EFF-3.1 evaluation
* (n,2n)
* (n,el) (Fast region)
 (n,tot) (Fast region)
* (n,p)
* (n,a)
= Cross sections from CIELO RRR
* (n,el) (RR region)
* (n,g) (RR region)
* (n,tot) (RR region)
» |nelastic cross sections from Geel
. MT=52-60
= But... we still have mysteries to resolve

BROOKHEVEN
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Fe(n,inel)

*°Fe: 847 keV gamma-line
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Cross Section (b)
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57Fe(n,2n) correction
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Path forward

= [Implement IRK-IPPE evaluation into the fit
= Fully eliminate spooky level in °°Fe from the calculations
= Decide on Geel-GEANIE controversy in inelastic >8 MeV

= Compare angular distributions derived from the resonance
parameters with those obtained from optical model and
decide on representation

= Perform fine tuning to differential data => ENDF/A
= Validate new file
= Perform adjustment to the integral data => ENDF/B ENDF/C

Still a lot of work but ‘'materials’ and ‘tools’ are ready!
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